Introduction
In socioeconomically developed countries, people's life habits tend to change (Brodersen, Steptoe, Boniface, & Wardle, 2007) , standards of living rise (Kim & Lee, 2016) and new opportunities for people within the society occur (Nader, Bradley, Houts, McRitchie, & O'Brien, 2008) . Children spend too much time in front of the PC or TV and the content of their leisure becomes very limited (Hamřík, Kalman, Bobáková, & Sigmund, 2012; Howie, Campbell, & Straker, 2016; Pastucha et al., 2010 ). Yet, for instance, walking is one of very easy-to-do kinds of health-enhancing physical activity (PA) (Collins & Fulton, 2015; Faulkner, Buliung, Flora, & Fusco, 2009; Haskell, Blair, & Bouchard, 2007) . Because of these changes we can observe (Groffik, Sigmund, Frömel, Chmelík, & Nováková Lokvencová, 2012; Nováková Lokvencová, Frömel, Chmelík, Groffik, & Bebčáková, 2011; Vašíčková, Pelclová, Frömel, Chmelík, & Pelcl, 2008) . Despite the daily recommendation of 11,000 steps/day (TudorLocke et al., 2011) this threshold is not met by 46% of 16 year old boys and 43% of 16 year old girls regardless of the fact that they achieve 500 steps/hour on average during school time (Frömel, Svozil, Chmelík, Jakubec, & Groffik, 2016) . Those who had a less stimulating school regime in terms of physical activity fail to meet this daily recommendation even to further extent (in total 75% of boys and 68% of girls). According to the study by Frömel, Kudláček, Groffik, Chmelík, and Jakubec (2016) , sedentary behaviour on school days is not compensated for during PA at weekends.
The present study, therefore, aimed to assess differences in physical activity and inactivity among primary and secondary school boys and girls in specific segments of a school day, which should bring new findings allowing development of more efficient lifestyle interventions in these age categories.
Methods

Sample
The research was conducted between 2010 and 2014 at 9 primary (PS) and 15 secondary schools (SS) in the Silesia-Katowice region in Poland. Research was carried out in the periods of September-October and April-May, which are the most suitable months for conducting survey in terms of the school year and season. Neither major changes in school schedule nor weather extremes occurred during the study period. Because of organisational demands of research in natural school conditions, we selected only schools, where student teaching practice takes place regularly. In case there were more than two classes in a given grade, the school management selected those classes that had the most typical weekly program in the research period. The management of selected schools and respective teachers agreed with the survey. A week before the survey, all the participants were informed about the research and its aims. In total, 395 participants were involved in the research: 86 boys and 71 girls at PS and 125 boys and 113 girls at SS (Table 1 ). All the parents of PS children gave consent for their children's participation in the study. The research design and the associated documentation were approved by the Ethics Committee of the Faculty of Physical Culture, Palacký University Olomouc.
Procedure
For PA and physical inactivity (PI) monitoring we used the ActiTrainer (Actigraph, Pensacola, FL, USA), which monitors PA (counts) and heart rate (HR -beats per minute). At PS, parents were informed about the research, its procedure and purpose at first and all of them agreed to help their children complete the PA records and check monitoring devices. The same research team provided participants with instructions regarding the study throughout the research period. The participants were informed about the way to monitor PA, wear and remove devices, monitor HR, and also to fill the recording sheets in (course of the day, recording the time of particular day segments and type of PA). The data on age, height and weight were obtained during initial meeting with participants. Proper function of HR monitoring was checked after participants' arrival in school using the Polar S610 Heart Rate Monitor (Polar Electro Oy, Finland). The participants wore the accelerometer on two consecutive school days, provided one of these days included a physical education lesson (PEL). Individualised feedback on basic monitoring results (load intensity in the MET and HR zones, energy expenditure, HR records and step counts) were given to participants three weeks after the end of the research.
Monitoring and data processing
The participants recorded (at PS with assistance of teachers and parents) predetermined time points in the course of the day: before school, at school according Note. n = number of participants; BMI = body mass index; PS = primary school; SS = secondary school.
.01 ≤ η 2 < .06; medium .06 ≤ η 2 < .14; and large η 2 ≥ .14 and the w coefficient as low .1 ≤ w < .3; medium .3 ≤ w < .5; and high ≥ .5 (Cohen, 1988; Sheskin, 2007) .
Results
PA before school Before school, we observed SS boys to have higher energy expenditure than PS boys (p < .001) and also than SS girls (p < .001). SS girls had still higher energy expenditure than PS girls (p = .025) ( Table 2 ). Similar differences were found in the daily step counts. The SS boys reached a mean of 1,760 steps/hour before school, which is significantly more than PS boys who had a mean of 1,389 steps/hour (p = .003) and SS girls 1,331 steps/hour (p = .007) in the same day segment (Table 3) . Lower PA in SS girls was also accompanied by the level of PI. The SS girls spent more time being physically inactive than SS boys (p = .004) and PS girls (p < .001) ( Table 4 ).
PA at school
The PS boys and girls showed higher energy expenditure than SS boys and girls (p < .001 and p = .004, respectively) ( Table 2 ). The same differences between these groups were observed also in step counts at school. We found a significantly higher step count per hour in PS boys than PS girls during school (p = .020) ( Table 3) . At school we observed a longer duration of PI (min/hour) in SS boys than in PS boys (p < .001), in SS girls than in PS girls (p < .001) and also in PS girls than in PS boys (p = .004) ( Table 4) .
Higher PA in boys was confirmed also by means of heart rate (≥ 60% HRmax) at the moderate-to-vigorous PA (MVPA) intensity during recesses (min/hour). Differences in MVPA, however, were insignificant between boys and girls at the PS (p = .771) and SS (p = .125), to their schedule of lessons and recesses, after school and aggregate data for the entire day. Apart from time characteristics, the participants also indicated type of physical activity and inactivity (sitting/lying down, TV, PC, at school, commuting, culture/spectatorship) in order to obtain more specific data to complement the data from objective PA monitoring. The inherent software program was used to process the data (15 sec recording). The software program processed data on duration of PA in specific intensity zones and duration of PI in minutes in line with the established methodology (Frömel, Svozil, et al., 2016; Svozil et al., 2015) . To compare data in particular day segments, we transformed all the values to one hour -active energy expenditure (kcal/kg/hour), step count (steps/hour), PA intensity in the ≥ 60% HRmax zone (min/hour) and PI duration (min/hour).
In the analyses we used only the data of those participants who wore the monitoring devices for at least 15 minutes before school, at least 180 minutes at school (excluding PELs), at least 120 minutes after school and in total for at least 600 and at most 1,080 minutes, respectively, throughout the day. Due to incomplete all day PA records, 99 participants were excluded from the study and 104 monitoring days were excluded because of failure to comply with requirements regarding the daily segment records. Overall, 587 school days were included in the study. The excluded daily records were homogeneously distributed with regard to gender at both PS and SS, whereas the reduction ranged between 23% and 28% on average. Also inclusion of participants with only one valid PA monitoring day was proportional within the study sample.
Data analysis
The Kruskal-Wallis test and contingency tables with Pearson's χ 2 were used to analyse the data in the Statistica program (Version 12; StatSoft, Tulsa, OK, USA). The η 2 effect size coefficient was set as small respectively (Figure 1) . Differences between PS and SS were not taken into consideration.
PA after school
We found that PS girls had higher energy expenditure in the time after school than SS girls (p = .008) ( Table 2) . Likewise, we observed a significantly higher step count in PS girls compared with SS girls (p = .006) ( Table 3 ). Longer duration of PI was found in SS girls compared with PS girls (p < .001), as well as in SS boys compared with PS boys (p < .001) ( Table 4 ).
All-day PA
The gender differences and differences between school types, which were observed in specific day segments, were found in the all-day monitoring as well. There was a significant difference showing higher energy expenditure (p < .001), as well as daily step count (p < .001) in PS girls than in SS girls. Similarly, PS boys had higher all-day energy expenditure (p = .014) and daily step count (p < .001) than SS boys (Tables 2 and 3) . SS boys and girls spent significantly more time being physically inactive than PS boys and girls, respectively (p < .001) ( Table 4) .
During the school time, 73% of PS boys, 40% of SS boys, 58% of PS girls and 42% of SS girls met the recommendation of 500 steps/hour (Figure 2) . The differences were significant between both types of schools (χ 2 = 38.52, p < .001, w = .256) in boys (p < .001) and girls (p = .002) and also between PS boys and girls (p = .006).
Regarding the entire school day monitoring, 44% of PS boys, 29% of SS boys, 41% of PS girls and 34% of SS girls met the recommended 11,000 steps/day (Figure 2) . From a daily step count perspective, PS boys had higher number of steps than SS boys (χ 2 = 4.97, p = .026, w = .145).
Discussion
The important finding of the present study is that also in the Polish environment SS boys are more physically active in the period before school than PS boys and the same applies to girls with regard to active energy expenditure. These results are in line with findings of other authors, who claim that older children and youth use means of active transport to get to school more often Table 3 Step counts (steps/hour) than their younger counterparts (Merom, Tudor-Locke, Bauman, & Rissel, 2006) . On the other hand, some authors contradict it (Schofield, Schofield, & Mummery, 2005; Spallek, Tuner, Spinks, Bain, & McClure, 2006) . It is interesting, that before-school duration of PI does not correspond with duration of PA. Longer times of commuting to school, care about their appearance in girls and preparation before school lessons begin are perhaps the key factors of this disproportion. During school time, as expected, PS pupils had higher energy expenditure, as well as step count, than SS students. Statistically significantly higher step count per hour was moreover observed in PS boys than PS girls during school. Duration of PI during school time corresponds with these results. Our findings also showed longer duration of PI (min/hour) among SS students than PS pupils. Moreover, PS girls spend more time being inactive, compared with PS boys. An important factor affecting the school-based PA and sedentary behaviour lies, apart from PELs, also in activities done during recesses. We found that PS boys spend 22.1 min/hour (girls 17.3 min/hour) in the MVPA zone during recesses, which represents 37% of the overall time of recesses (in girls it was 29%). This is markedly more than Nettlefold et al. (2011) reported -28% of MVPA of the overall time of recesses in 8-11 year old boys and 20% in girls of the same age. Pupils' PA during recesses depends also on duration of recesses. The longer the recess is, the higher the odds for more PA during them (Verstraete, Cardon, De Clerq, & Bourdeaudhuij, 2006) . Spatial and material conditions play a role of similar importance (Loucaides, Jago, & Charalambous, 2009) . The PA done during recesses might yield impact on health similar as PEL (Frömel, Stelzer, Groffik, & Ernest, 2008) . However, at SS it has been shown that longer aggregate time of recesses during a school program contributes to increase in PA volume regardless of gender, it cannot substitute PEL though (Frömel, Svozil, et al., 2016) . This probably applies to PS, as well.
In after-school time, PS girls were more physically active than SS girls. The same applies to difference in PI between PS and SS boys. The usage of after-school leisure time for PA is possibly influenced by demands for schoolwork, which are higher at SS and thus more time-consuming than schoolwork at PS. Alternatively, it may be that SS students have more extensive opportunities for spending their leisure by non-PA activities. In general, amount of extracurricular activities drops down during adolescence (Jago, Anderson, Baranowski, & Watson, 2005; Nováková Lokvencová et al., 2011; Verstraete et al., 2006) . This decrease is more apparent in girls, as over a third of them quit doing sport activities on a regular basis in this developmental period (Pastucha, Filipčíková, Bezdičková, Blažková, & Hyjánek, 2011) . But Sigmundová, El Ansari, Sigmund, and Frömel (2011) found, that boys spend more time in front of PC than girls and, therefore, are less physically active during this day segment compared with girls.
The fact that more than half of PS pupils and two thirds of SS students do not meet the 11,000 steps/day recommendations is very alarming, although we know that PA level of children and youth decreases with increasing age (Pearson, Atkin, Biddle, Gorely, & Edwardson, 2009; Tudor-Locke, McClain, Hart, Sisson, & Washington, 2009 ) and that pre-schoolers are Figure 1 . Time spent at the moderate-to-vigorous physical activity intensity (≥ 60% HRmax) during recesses and school time (min/hour) in primary and secondary school boys and girls (*significant difference between groups p < .05; differences between primary and secondary schools were not taken into consideration). Figure 2 . Rates of primary and secondary school boys and girls who met the recommendations of schoolbased step count (500 steps/hour) and daily step count (11,000 steps/day) (significant difference between groups *p < .05, **p < .01, ***p < .001).
more physically active than adolescents and young adults both on school days and at weekends (TudorLocke et al., 2009 ). This situation is alarming especially because decrease in boys' and girls' PA contributes to increase of their body fat percentage and negatively affects efforts to maintain and promote children's health (Meriwether, Lobelo, & Pate, 2008; Sigmund, Lokvencová, Sigmundová, Turoňová, & Frömel, 2008; Sigmund, Sigmundová, & El Ansari, 2009) . In spite of these negative findings, it is clear that school program at PS is more favourable for physically active lifestyle than school program at SS.
In summary, the results of our study confirm that 9-10 years old boys and girls at PS are more physically active on school days than 15-17 years old boys and girls at SS, which is in line with a vast majority of similar studies (Morton et al., 2016; Pearson et al., 2009; Tudor-Locke et al., 2009 ).
Strengths and limitations
Due to organisational demands of the research in natural school conditions we did not monitor PA at PS on Mondays. Also at SS other days of week than Monday prevailed. Another limitation was that monitoring could not have been carried out concurrently at both types of schools and during a shorter monitoring period. The main strength of the study was an objective all-day monitoring of PA and HR and furthermore comparison of PA composition on particular school days in natural PS and SS conditions.
Conclusions
Secondary school students, especially boys, had significantly higher physical activity in the period before school than primary school pupils. During school time, as expected, primary school pupils had higher energy expenditure, as well as step count, than secondary school students. Duration of physical inactivity during school time corresponds with these results. Our findings showed longer duration of physical inactivity among secondary school students than primary school pupils. In the after-school time, primary school girls were more physically active than secondary school girls. The fact that more than half of primary school pupils and two thirds of secondary school students do not meet the 11,000 steps/day recommendations is very alarming. The results of our study confirmed the facts that had already been known, i.e. that primary school boys and girls are more physically active than secondary school boys and girls and, furthermore, that boys are more physically active than girls at both types of schools.
